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Abstract. We present vertical column abundances of 11,0,
N,0,HNO,,NO,,0,, 111’, 1 ICl, and CINO, determined from
solar absorption spectra measured by the YL MKV interfer-
ometer from the NASA DC-8 aircraft. These observations,
taken in 1987 and 1992, covered latitudes ranging from 85°S
to 85°N. Although most gases display latitude Ssymmetry,
large asymmetries in 1,0, HINO,, and 0,arc apparent, which
can be ascribed to processes enhanced by the colder Antarc-
tic winter temperatures.

The Observations

The J']. MK1V interferometer, aYourier Transform Infra-
Red (FT1IR) spectrometer designed specifically for atmo-
spheric remote measurements ~1'eon, 1991), was out. of a
dozen instruments installed on the NASA D C-8 aircraft to
participate in the Airborne Antarctic Ozone Experiment
(AAOL)in 1987 and the two Airborne Arctic Stratosphere
Experiments (AASE) in 1989 and 1992. Yor all of these
observations the spectrometer was operated in solar absorp-
tion mode, i.e. viewing direct sunlight. During these three
campaigns, over 50 flights were conducted, the majority over
the polar regions. The MKTV results from these individua
campaigns have already been published (Toon et al., 1989 &
1992 a,b). In this paper we attempt a synthesis of the results
obtained in the 1987 and 1992 campaigns.

The observations from AAOE were all made south of
30°S in September 1987, while those from AASE2 were dl
made north of 30°S inJanuary, February and March 1992.
The average observation pressure. of the Arctic measurements
(21 O mbar) was closc to that from the Antarctic (225 mbar).
An important consideration when interpreting these data is
that the latitudes wec sampled extended poleward with the sun
throughout each measurement campaign. In fact, in Jan.
1992 no observations could be made north of 70°N because
the sun simply was not up yet. So care must be exercised
not to mis-interpret seasonal variations as latitude treads or
vice versa. No observations from the 1989 Arctic campaign
arc presented in this paper, because their rather limited range
of sampled latitudes arc alrcady covered by the more
extensive 1992 observations.

Data Reduction

1 iach individual spectrum covered the. entire 650-5400 ¢!
spectral region simultaneously at 0.02 cm-’ resolution (30 cm
optical path difference). Spectra were averaged in groups of
41012 be.fore analysis. Hach averaged spectrum thercfmc
represents 3-9 minutes of observation. Averaging reduce.s
the labor of analysis and provide.s a smaller uncerltainty in




the retricved burdens.

The data were analyzed by the same method as was
described by Toonet al. (1992a): A least squares spectral
fitting algorithm adjusted the assumed volume mixing ratio
(vmr) profile of the gas of interest until the Jine-by-line
calculation best matched the observed spectrum. ‘The
precision Of the retricved burdens was then estimated from
the quality of the spectra fit. lior many of these gases
multiple spectral intervals were used to determine the amount
of gas (c.g. for HCI five separate lines were used), in which
case the value plotted is the weighted mean.

Discussion

1lydrofluoric Acid

Figure 1 illustrates the. I burdens measured at various
latitudes. The larger Hi: burdens observed in the north
merely reflect the 40% increase in HEF which has occurred
over thc 4¥2 years between the. Sept. 1987 Antarctic observa-
tionsand tbc early 1992 Arctic measurements. Since the
vinr of 1 increases with atitude, upwelling in the tropics
reduces its burden, whereas over thc polar regions descent
enhances its burden. Hence, the poleward increase of } 117 is
aconsequence of the stratospheric circulation and is predict-
cd by 2-I) photochemical models e.g. Kayc et a (1991).

The large (factor of 2) variability in 1 burdens observed
a mid- 1o high-northcro latitudes can bc attributed to the
irtegular shape of the Arctic winter vortex. By contrast, the
Antarctic winter vortex is much more symmetrical about the
poleand so the relationship between HE burden and latitude.
ismore consistent in the south.

Since the abundances of many chemically active. strato-
spheric gases have strong contrasts across the vortex edge, it
isimportant when illustrating their spatial distributions not (o
smear their structure by using an inappropriate spatial
ordinate. This is especialy true in the northern hemispher €
where the vortex edge can occur anywhere from S5°N to
85°N. Many workers have therefore used potential vorticity
(I'V) as a measure of vortex penetration. After examining
the measured burdens of long-lived tracers (c.g. N,O) we
found that we obtained tighter correlations with HE’ than PV.
This is not surprising because the Hf ¢ was measured simulta
neously with thc other gases and so many internal systematic
ert ors cancel, Morcover, uncertainties in the calculation of
PV arc. completely avoided. Wc thercfore decided to use. I
as our measure Of vortex penetration and express the HE
amount as an “1 iffective 1 atitude" defined by thbc equation

HIF = PCOIL, X [1 -0.88 X cos**(1if_Lat) ]

where the coefficient PCOIL. (the polar column) was 2.1 X
10" molec.cm™?in early 1992 and 1.5 x 10" molec.cm?in
Sept. 1987, consistent with an 8% annual rate. of jjj:in-
crease. These curves, shown superimposed over the appro-
priate latitudes in Figure 1, gives a reasonable fit to the
measured |11 ¢ column abundaniihis expression differs
qualitatively from that used by Mankin and Coffey (1983) in
that our gradient is zero at the poles. We find this physically




more appealing than having a maximum gradient at the
poles, and it also fits our observations better.

So for the remainder of the figures illustrating latitudinal
distributions of gases the northern hemisphere data have beca
plotted versus this | iTective Latitude, which can differ by up
to 15° from the actual latitude. The position of the vorlex
edge, expressed in 1 iffective Latitude (65°N), is much mor e
consistent than in actual latitude, and therefore facilitates the.
identification of intra-extra vorlex contrasts.

Writer Vapor

Figure 2 illustrates tbc observed latitudinal distribution of
1120. Since H,0 is highly abundant in the lower atmosphere,
change.s in aircraft atitude will change its burden. To help
minimize such artifacts, wc have. therefore divided the H,0
burdens by the aircraft pressure. The resulting mcan
(pressure weighted) volume mixing ratios above thc observe]
(denoted mva) arc more reliable indicators of atmospheric
composition than the burdens themselves.

The tropical H,0 abundances were very large due to the
fact that the DC-8 aircraft could not fly above 12 kn
atitude., which was well below the tropical tropopause. The
mid - | atitude 11,0 abundances were also occasionally elevated
by tropospheric 11,0.1n the. polar regions, however, the
observations were always performed from above the tropo-
pause and therefore reveal the true behavior of the strato-
spheric H,0. Figure 2 reveals a gradua poleward increase’
of }1,0 from 4to 5 ppmv in the north. Inside the Antarctic
vortex, 1120 abundances were. much lower, 3.0 to 3.5 ppm,
duc to freeze-out during the winter when temperatures fell
13c.1ow the frost point.

Nitrous Oxide.

N,0O is along-lived tracer whose vimr generally decreases
with altitude. The stratospheric circulation therefore increas-
cs its column abundance in the tropics and reduces it in the
polar regions, Like H,0, the N,0 burdens were divided by
the observation pressure to remove artifacts arising from
changesin aircraft altitude. As expected, the N,O vinrs peak
in the tropics and arc a minimum in the polar regions. The
Arctic N,O abundances arc lower than those observed over
Antarctica, implying more descent in the north.

Nitric Acid

Figure 2 illustrates that in the northern hemisphere the
HNO, latitude, variation complements that of N,O. Thisis
not surprising because N,O is the main source of HNO, and
merely indicates that the HNO, distribution is governed
mainly by transport. The onc exception to this was the low
HNO, burdens observed on Jan. 19 1992 at an effective
latitude of 44°N. These arc duc to temporary NAT forma-
tion above. the aircraft as synopticaly forced air moved
poleward and upward, an event dready dc.scribed by Toon et

al.(1993).

Inside the Antarctic vortex the HNO, was depleted to a
small fraction of what onc might have expected based on the
N,O abundances. In fact, some of the Antarctic HNO,
burdens were 10 times smaller than those measured at the




same latitude. in the north. This depletion is believed to be
caused by frecze-out and sedimentation of 11 NO, (denitrif-
ication). This belief is supported by Figure 3 which illus-
trates the Arctic and Antarctic HINO, burdens plotted versus
temperature a the 440 K level (about 20 km altitude) above
the aircrafl. The low Jatitude observations have been omitted
from ibis figure. The 1987 Antarctic points can be identified
by their larger symbol size.  The results reveal a sharp
decline in HNO, as the temperatures fall Mow 2.00 K .
Although the Arctic temperaturcs never fell as low as those
in the Antarctic, in instances where thely overlap there is
excellent consistency in the HNO; burdens, supporting the
conclusion that cold temperatures are solely responsible. for
the YINO, depletion.

Nitrogen Dioxide

in both polar regions NO,was highly depleted compared
with measurements at other latitudes and seasons. This is
believed to be due. to botb heterogeneous conversion of N,Oq
to HNO, and to the presence of large amounts of CIO which
converts any remaining NO, into CINO,. In tbc north wc
observed (1iigure 2) a dlight increase in NO, burdens between
Jan. 1992 (0.3 x 10°molec.cm™?) and Feb. 1992 (0.5 x 10*
molec.cm?) and then afaster increase into March 1992 (1.0
x 10’s molec.cm®). By contragt, tbc NO, burdens inside the
Antarctic vortex in Sept. 1987 (0.6x 10'5) were substantially
smaller than the corresponding month (March) in tbc north,
and did not exhibit a significant secular increase. This
contrast may be explained by two facts: (i) denitrification
inside. the Antarctic vortex prevented recovery of NO, from
photolysis of YINQO,, and (ii) substantial concentrations of
CIO till existed inside the Antarctic vortex in Sept. 1987,
whercas by March 1992 C10 was virtually al gonein the
north. The large differences in tbc NO,burdens at 30°S and
2S'S arise. simply from the fact that the former was a sunset
measurement whereas the |atter was a sunrise.

Chlorine Nitrate

[ the Antarctic the characteristic “collar” of high CINO,
columns can be seen in Figure 2. This isdue to mixing of
ClO-rich air inside the vortex with NO,-rich air from outside
the vortex. In tbc north the “collar” was abnormally small
in Jan. . 1992 duc to increased heterogeneous processing, of
CINO,, which resulted from tbc increased aerosol loading
and the unusually cold temperatures on days when wc made
observations at the vortex edge (normally temperatures are
only cold enough for PSC processing deep inside the arctic
vortex). As the solar insolation increased during 1 ‘eb. 1992.
and NO, abundances rose, the CIO inside the vortex rapidly
became converted into CINO,, first at the vortex edge and
then decper inside, By March the largest CINO, columns
were to be found well inside the vortex, where CINO,
became. the main reservoir of inorganic chlorine, exceeding
HCI by a factor of 2. inside. the. Arctic vortex, the CINO,
burdens increased by afactor 5 between Jan. and Mar. 1992
Note. that no such recovery of CINO, was observed in the
south, presumably insufficient } INO, remained at the
appropriate altitudes.




Iydrochloric Acid

In the absence of heterogencous processes one would
expect @ minimum in HCI at the equator and maxima at the
poles. What wc actually observed (Iigure 2) was a wide-
spread depletion inside the Antarctic vortex, due to heteroge-
neous conversion of HCI and CINQ, into CIO. In the north,
where. the PSC processing events were more sporadic and
less thorough, wc observed large variations of HCI even
inside the vortex. In freshly processed air (e.g. Jan. 1992)
the. 1ICl depletions approached those observed over Antarcti -
ca. 1 lowever, in the Arctic the. losses of 11C] were not as
ubiquitous as was observed over Antarctica.

In 1 ‘ebruary and March 1992, the recovery of 1 ICI rrt
around GO°N is evident, however. at higher latitudes the
recovery of 1CI was much slower. The appearance that at
high Arctic latitudes HCI was never as low as over Antarcti-
cais erroncous; it is probably an artifact of our inability to
make solar observations deep inside the vortex in January,
when temperatures were at their coldest.

Ozone

Yigure 2 illustrates tropical 0,burdens of around 6 x 10'®
molec.cm™ (225 Dobson Units). In the northern hemisphere
asubstantial poleward increase of O,was observed, as might
be expected from the stratospheric circulation.

in the southern hemisphere the 0,column decreased sooth
of 60°S, due to destruction by Cl atoms. in fact, by compar-
ing the early and late Sept. 1987 symbols, the 0,column can
be seen to have decreased during Sept. 1987.

Interestingly, the 1992 Arctic O, burdens fall into two
branches, with the larger values observed over Alaska and
Canada (up to 400 DU) where the lower stratospheric
temperat ures were warm, and the smaller values over 1 {urope
where it was colder. While the proximity of the Aleutian
anticyclone (and the descent within it) frequently give rise to
large ozone burdens and warm temperatures over Alaska and
Canada, the low ozone burdens over 1 iurope in 1992 were
unprecedented. It seems unlikely that the cause was solely
chemical (either catalytic destruction of 0,0r heterogeneous
conversion of COF, to HF) because the air we sampled over
Alaskawas usually re-sampled over Europe afcw days later
(with much lower O,/HF ratios). It ismore likely that the
low ozone over Furope was mainly duc to a persistant
pattern of lower stratospheric uplift which reduced the O,
burden more than that of] 1k simply because the Hi reside.s
at a higher effective dtitude than O,.

Summary

Column abundances of 11,0, N,O,HINO,, NO,, 0, } II’,
1 ICI, and CINO, were determined from solar absorption
spectra measured by the JPL MKV interferometer from the
NASA DC-8 aircraft during the 1987 AAQY and 1992
AASE2 campaigns. These observations, taken on 26
different flights, covered latitudes ranging from 85°S to
85°N. The asymmetry in the latitude distribution of yyy:is
consistent with a 8%/year secular increase during, the 4%
year interval between the southern and northern measure-




ments. The Jatitude distribution of N,O shows slightly less
in the north, which is consistent with somewhat more subsid-
ence in the north. Asymmetries in the latitude distributions
H,0, HNO,, and O, are much larger than can bc attributed
to transport effects, and can only be the résult of chemical
and physical processes enhanced by the colder Antarctic
winter temperatures.
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Figure 1. Bl burdens plotted vs. observation latitude. In
this figure and all which follow, a different symbol has been
adopted for each observation clay number (e.g.43 =lieb. 12).
Sce text for explanation of ’curves,

Figure 2. Abundances of N,O, HNO,, 11,0, NO,, CINQ,,
HCI, and O, plotted vs. lLatitude (effective in North, actual
in South).

Figure 3. HNO, burdens plotted vs. the 440 K temperature.



15 -2
HE Column (x10 “molecutes cm °)

»Fi'l IRA RN lerlI\‘lIY‘l'l 1'1'1111'1 III] 1'1'111‘[ ARRAN] PI

’ 3.0

o -t - N N
o o [¢,] o )]
T T 7

o
o

1992 Day No.: A1409 011 v161919
L 022 \N28 /30 X43 X 45 X 48 X &1
W53 670 M72 74478 v 80

1987 Day No.: [1248 0251 A257V 262
L 0264 ©267 /269 \275

LI N

!

]11'!!Y!!I

' L]
LA I T

1.

]

B IR IJLIJ | llj_l_lJJ_lJ,l_l 1 Jl.JJ,J 1 111111.1..1 |LL['[]

-90 -60 -30 0 30 60 90
Latitude (deg.)

Fic&. \



mva (x107% )

mva (x10% )

E . . 15 -2 15 -2
(x10"® molecules em®) (x10'5 molecules em™) (x10"° molecules em?) (X107 molecules cm™) (x10°7 molecules em™)

O N MO @
IDARAARRRRRRSS lau;

%‘;

28
24
20
16

AO’O—'NWAOO

g%

O

:{,I T l"rl"l R 1\;(\“] LS ] T*I’ T'TT'T’TT‘T“I ]"I'"l"l’"l”"rf 1 l'_‘

" H,0

-
-t -
|5

H 1
o

:1444_1_1J44_LJJJ_1_1_14_L_L14J_L1J aaaga . lJJ:L
:}7 TTI’T" TTTT I T'TTU I TTr1TTT l TT171 7 ] LIRLELIRI _{
[ NO, AN ' il

o 7

Wy q&“@‘@:
‘ ._LJJllllJllllllllllllIJ_l_l.l.J PEWERL

t
q:"]l TTF‘ITI‘T’T’T"FTT’T’T T T'FTI T T"T'I_Tj_l

%J CIONO,
%111 \%JJIJJM¢JJ 441_1111}111'1

SRERRRE TT11 TTUT T VT [T T [T T TR
- HCI % *‘t -

- N 5
I B Www

Ao el ccraa s e by

AL T (A O O | TT
i T T T I A O]

’,_

—

T 17T

\;\ ¢ Fx df‘ww

I

!!’l!!

dJJJ andaasaad gl a bicaa e Lo LLJ'l

-0 -60 -30 0 30 60 90

Effective Latitude (deg.)

F

9

.2




5

‘

HNO, Column (x10

35

30|

0

'."J'l _T‘T*f]"T'T‘T’YT"'l_T “ITL 7°Tv- 1“1 ”]"‘l T __[

HNO, Yot x
b4

H_J_L,_LL_LJJJ__J,JALJ vl s gt

180 190 200 ,210 220 2'30

Temperature (K)

Fi%-B




